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1
STORAGE MODULE

TECHNICAL FIELD

The present mvention relates to a storage module.

BACKGROUND ART

Conventionally, a storage module including a plurality of
storage elements such as lithtum 10n secondary batteries 1s
known as a power supply of a pure electric vehicle, a hybrid
clectric vehicle, or the like. In the storage module used for
the electric vehicle, because a large current tlows at the time
of charging/discharging, a temperature of the storage ele-
ment increases greatly due to heat generation according to
the charging/discharging.

For this reason, technology for controlling the tempera-
ture of the storage element 1s recently developed. To control
the temperature of the storage element appropnately, 1t 1s
demanded to detect the temperature of the storage element
with high precision by a temperature sensor.

A secondary battery including a temperature detector
(temperature sensor) to detect a surface temperature of a
battery case 1s described in PTL 1. In the temperature sensor
described 1 PTL 1, a fixing portion of the temperature
sensor engages with two support members disposed on both
sides of the battery case and a detection body portion 1s fixed
on the secondary battery while maintain a contact state with
a surface of the battery case.

CITATION LIST
Patent Literature

PTL 1: JP 2006-140054 A

SUMMARY OF INVENTION

Technical Problem

In the temperature sensor described in PTL 1, the fixing
portion 1s configured to be elastically deformable 1mn a
direction linking an engagement portion of the fixing portion
side and the detection body portion among directions along
the contact surface of the detection body portion. For this
reason, when a vibration 1s applied to the storage module,
the contact state of the detection body portion and the battery
case may not be maintained. As a result, 1t 1s difhicult to
detect the temperature of the battery with high precision.

Solution to Problem

According to a first aspect of the present invention, a
storage module 1n which a plurality of storage elements are
clectrically connected by bus bars includes: a temperature
sensor which contacts a surface of the storage element and
detects a temperature of the storage element; a pressing
member which presses the temperature sensor to the storage
clement; and a regulation member which regulates a move-
ment of the temperature sensor 1n a direction orthogonal to
a pressing direction of the pressing member.

Advantageous Effects of Invention

According to the present invention, even when a vibration
1s applied to a storage module, a temperature of a storage
clement can be detected with high precision.
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2
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an external perspective view of a storage module
according to a first embodiment of the present invention.

FIG. 2 1s an exploded perspective view of the storage
module.

FIG. 3 1s a perspective view of a unit battery.

FIG. 4 1s a perspective view of a bus bar cover.

FIG. 5 1s a partial cross-sectional enlarged perspective
view 1llustrating a sensor mounting portion on which a
temperature sensor 1s mounted.

FIG. 6 1s a partial cross-sectional enlarged perspective
view 1llustrating the sensor mounting portion on which the
temperature sensor 1s not mounted.

FIG. 7 1s a perspective view of the temperature sensor.

FIG. 8 1s a cross-sectional schematic diagram of the
temperature sensor.

FIGS. 9A and 9B are planar cross-sectional schematic
diagrams of the sensor mounting portion.

FIG. 10A 15 a lateral cross-sectional schematic diagram by
cutting along the line X-X of FIG. 6 and FIG. 10B 1s a lateral
cross-sectional schematic diagram by cutting along the line
X-X of FIG. 5.

FIG. 11 1s a perspective view of a bus bar cover of a
storage module according to a second embodiment of the
present 1nvention.

FIG. 12 1s a partial cross-sectional enlarged perspective
view 1llustrating a sensor mounting portion on which a
temperature sensor 1s mounted.

FIG. 13 1s a partial cross-sectional enlarged perspective
view 1llustrating the sensor mounting portion on which the
temperature sensor 1s not mounted.

FIG. 14 1s a perspective view of the temperature sensor,

FIG. 15 1s a lateral schematic diagram of the temperature
SEeNsor.

FIGS. 16 A and 16B are perspective views of an attach-
ment.

FIG. 17 1s a diagram 1illustrating an accommodation
portion when viewed from the lower side.

FIG. 18 1s a perspective view of the temperature sensor on
which the attachment 1s mounted.

FIG. 19 1s a planar cross-sectional schematic diagram of
the sensor mounting portion on which the temperature
sensor 15 mounted.

FIG. 20A 1s a lateral cross-sectional schematic diagram of
the sensor mounting portion of FIG. 13 when viewed from
the +Y side and FIG. 20B 1s a lateral cross-sectional sche-
matic diagram of the sensor mounting portion of FIG. 12
when viewed from the +Y side.

FIGS. 21A and 21B are planar cross-sectional schematic
diagrams of a sensor mounting portion of a storage module
according to a modification 1 of the present mnvention.

FIGS. 22A to 22C are planar cross-sectional schematic
diagrams of a sensor mounting portion of a storage module
according to a modification 2 of the present invention.

FIGS. 23A and 23B are planar cross-sectional schematic
diagrams of a sensor mounting portion of a storage module
according to a modification 3 of the present invention.

FIG. 24 1s a planar cross-sectional schematic diagram of
a sensor mounting portion of a storage module according to
a modification 4 of the present invention.

DESCRIPTION OF EMBODIMENTS

Embodiments 1n which the present invention 1s applied to
a storage module that 1s embedded in a storage device
mounted on a hybrid electric vehicle or a pure electric
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3

vehicle and includes a plurality of square lithium 1on sec-
ondary batteries (hereinafter, referred to as the unit batteries)

as storage elements are hereinafter described with reference
to the drawings.

First Embodiment

FI1G. 1 1s an external perspective view of a storage module
10 according to a first embodiment of the present invention
and FIG. 2 1s an exploded perspective view 1llustrating a
configuration of the storage module 10. In the following
description, as 1llustrated in the drawings, a longitudinal
direction of the storage module 10, that 1s, a lamination
direction of unit batteries 101 1s defined as an X direction.
The battery lid side where an electrode terminal of a positive
clectrode (hereinafter, referred to as a positive electrode
terminal 104) and an electrode terminal of a negative
clectrode (hereinafter, referred to as a negative electrode
terminal 105) are provided 1s described as the upper side (+7
side) of the storage module 10, the battery bottom surface
side 1s described as the lower side (-7 side) of the storage
module 10, and a vertical direction of the storage module 10
1s defined as a Z direction. A direction orthogonal to each of
the X direction and the Z direction, that 1s, a width direction
of the storage module 10 1s described as a Y direction.

As 1llustrated 1n FIG. 2, the storage module 10 includes an
clement laminate 11 in which a plurality of unit batteries 101
are laminated and arranged, an integration mechanism to
integrate the element laminate 11, a duct device 19, a control
circuit board 14, and a module cover 15.

A shape of each unit battery 101 1s a shape of a flat
rectangular parallelepiped and each unit battery 101 has a
pair of wide lateral plates 109w (refer to FIG. 3). The
plurality of unit batteries 101 configuring the element lami-
nate 11 are laminated and arranged, such that the wide lateral
plates 109w of the unit batteries 101 adjacent to each other
tace each other. Directions of the unit batteries 101 adjacent
to each other are iverted and the umt batteries 101 are
arranged, such that positions of the positive electrode ter-
minal 104 and the negative electrode terminal 105 provided
in the battery lid 108 are reversed.

The positive electrode terminal 104 and the negative
clectrode terminal 105 of each of the unit batteries 101
adjacent to each other are electrically connected by a bus bar
45 (refer to FIGS. 5 and 6) to be a conductive member that
1s made ol a metal and has a flat plate shape. That 1s, the
plurality of unit batteries 101 configuring the storage module
10 according to this embodiment are electrically connected
1N series.

Although not illustrated 1n the drawings, the positive
clectrode terminal 104 of the umt battery 101 disposed on
one end and the negative electrode terminal 105 of the unit
battery 101 disposed on the other end are electrically con-
nected to other storage module 1n series or parallel by a
conductive member or are connected to a wiring line for
power extraction by the conductive member.

The integration mechanism 1s configured to include a pair
of fixing members 13, a pair of end plates 17, a pair of side
frames 18, a plurality of cell holders 16 A and 16B, and a
plurality of bolts. As illustrated in FIGS. 1 and 2, the cell
holder 16A for a middle 1s disposed between the umit
batteries 101 adjacent to each other and the cell holder 16B
for an end 1s disposed between the unit battery 101 and the
end plate 17 disposed on both ends. The plurality of unit
batteries 101 that are laminated and arranged are held by the
cell holders 16A and 16B and are interposed by the pair of
end plates 17 from both end sides of the X direction. The end
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plate 17 has a shape of a rectangular flat plate corresponding
to the wide lateral plate 109w (refer to FIG. 3) of the umit
battery 101.

Materials of the cell holder 16 A for the middle and the cell
holder 16B for the end are insulating resins. Protrusion
portions 16¢ protruding 1n the Y direction are provided on
lateral surfaces of the cell holders 16A and 16B.

The plurality of unit batteries 101 and the cell holders 16 A
and 168 are lashed by the pair of side frames 18, in a state
in which the plurality of unit batteries 101 and the cell
holders 16 A and 16B are interposed by the pair of end plates
17. As illustrated 1n FIG. 2, the pair of side frames 18 are
disposed to face each other at the +Y side and the -Y side
of the element laminate 11. Each of the pair of side frames
18 includes a pair of flanges 18/ that are provided at both
ends of the X direction and an opening 18a that 1s provided
between the pair of flanges 187. A through-hole 187 1s
provided 1n each flange 18/ and a screw hole 17/ 1s provided
in the end plate 17.

The openings 18a of the side frames 18 are fitted into the
protrusion portions 16¢ of the cell holders 16 A and 16B from
the outside of the Y direction. The flange 18f contacts the
end plate 17. A fixing screw (fastening member) 1s inserted
into the through-hole 18/ of the side frame 18 from the
outside of the X direction of the end plate 17 and the fixing
screw 1s screwed 1nto the screw hole 17/ of the end plate 17,
so that the side frame 18 1s attached to the end plate 17. As
a result, as 1llustrated 1n FIG. 1, the individual unit batteries
101 interposed by the pair of end plates 17 are held by the
end plates 17 via the individual cell holders 16A and 16B.

The fixing screw that 1s screwed into the screw hole 17/
of the lower side of the end plate 17 i1llustrated 1 FIG. 2 1s
inserted into the through-hole 18/ of the side frame 18 via
a through-hole of the fixing member 13. In the fixing
member 13, the fixing screw 1s mserted into each of a center
through-hole and through-holes of both ends of the Y
direction 1n the vicinity of ends of the lower side. The fixing
member 13 1s screwed 1nto the screw hole 172 of the end
plate 17. Thereby, the fixing member 13 1s fixed on the end
plate 17. The fixing member 13 1s fixed on a predetermined
position 1n a vehicle, so that the storage module 10 1s fixed
on the vehicle.

The unit batteries 101 configuring the element laminate 11
will be described. The plurality of unit batteries 101 have the
same structures. FIG. 3 1s a perspective view of the unit
battery 101. As 1llustrated 1n FIG. 3, the unit battery 101
includes a square battery container that includes a battery
can 109 and the battery lid 108. Materials of the battery can
109 and the battery Iid 108 are aluminum or an aluminum
alloy, for example. The battery can 109 has a shape of a
rectangular box with an opening provided at one end. The
battery lid 108 has a shape of a rectangular tlat plate and 1s
laser-welded to close the opening of the battery can 109.
That 1s, the battery 1id 108 seals the battery can 109.

The square battery container including the battery 1id 108
and the battery can 109 has a shape of a hollow rectangular
parallelepiped. In the battery container, the pair of wide
lateral plates 109w having surfaces (wide surfaces) with
largest areas among lateral surfaces configuring the battery
container face each other, a pair of narrow lateral plates 109
having surfaces with smallest arecas among the lateral sur-
faces configuring the battery container face each other, and
the battery lid 108 and a bottom plate 1095 of the battery can
109 face each other.

The positive electrode terminal 104 and the negative
clectrode terminal 105 are provided in the battery lid 108. A
charge/discharge element (not 1llustrated 1n the drawings) 1s
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stored 1n the battery container in a state in which the
charge/discharge element 1s covered with an insulating case
(not 1llustrated in the drawings). A positive electrode of the
charge/discharge element not 1llustrated 1n the drawings 1s
connected to the positive electrode terminal 104 and a
negative electrode of the charge/discharge element 1s con-
nected to the negative electrode terminal 1035. For this
reason, power 1s supplied to an external apparatus via the
positive electrode terminal 104 and the negative electrode
terminal 105 or externally generated power 1s supplied to the
charge/discharge element via the positive electrode terminal
104 and the negative electrode terminal 105 and charging 1s
performed.

A hiquid 1njection hole to 1nject an electrolytic solution
into the battery container 1s provided 1n the battery lid 108.
The liquid 1injection hole 1s sealed by a liquid 1njection plug
108a after injecting the electrolytic solution.

A gas discharge valve 10856 1s provided between the
positive electrode terminal 104 and the negative electrode
terminal 105 1n the battery 1id 108. The gas discharge valve
1085 1s formed by thinning the battery lid 108 partially by
press working. A thin film member may be attached to an
opening of the battery lid 108 by laser welding and a thin
portion may be used as the gas discharge valve. The gas
discharge valve 1086 cleaves when the unit battery 101
generates heat due to abnormality such as overcharging, gas
1s generated, and an 1internal pressure of the battery container
increases and reaches a predetermined pressure, discharges
the gas from the container, and decreases the internal pres-
sure of the battery container.

As 1llustrated in FIGS. 1 and 2, the duct device 19 to guide
the gas discharged from the gas discharge valve 10856 of
cach of the plurality of unit batteries 101 to a predetermined
place 1s provided on the element laminate 11. The duct
device 19 has a tlow channel of a rectangular cross-section
extending along the X direction. Although not illustrated 1n
the drawings, in the duct device 19, an opening for gas
introduction 1s formed at a position corresponding to the gas
discharge valve 1085 of each unit battery 101.

The control circuit board 14 1s disposed on the duct device
19 and a bus bar cover 180 1s disposed at each of the +Y side
and the -Y side of the duct device 19. The module cover 135
1s disposed on the control circuit board 14 and the bus bar
cover 180 and a portion on the element laminate 11 1s
covered with the module cover 15. An engagement claw
1807 provided in the bus bar cover 180 engages with an
engagement portion 16/ provided in the cell holder 16 A, so
that the bus bar cover 180 1s fixed on the cell holder 16 A
(refer to FIG. 6).

FIG. 4 1s a perspective view of the bus bar cover 180.
Because the pair of bus bar covers 180 disposed on the +Y
side and the -Y side of the duct device 19 has the same
configuration, the bus bar cover 180 of the +Y side of the
storage module 10 1llustrated 1n FIGS. 1 and 2 1s described
representatively.

The bus bar cover 180 1s formed of a POM (polyoxym-
cthylene resin or polyacetal resin) material. Openings 180/
into which the positive electrode terminal 104 and the
negative electrode terminal 105 of the umt battery 101 are
inserted are formed 1n the bus bar cover 180. The bus bars
45 (refer to FIGS. 5 and 6) are connected to the positive
clectrode terminal 104 and the negative electrode terminal
105 protruding from the openings 180~ 1 an upward
direction (+7 direction) by laser welding. The positive
clectrode terminals 104 and the negative electrode terminals
105 of the umit batteries 101 adjacent to each other 1n the X
direction are electrically connected by the bus bars 45.
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In the bus bar cover 180, an insulating plate 1804 1s
disposed between one bus bar 45 and other bus bar 45
adjacent to each other and an 1nsulating creeping distance 1s
secured.

A plurality of sensor mounting portions 181 are formed 1n
outside ends of the Y direction (+Y-side ends 1n the draw-
ings) ol the pair of bus bar covers 180. Each sensor
mounting portion 181 1s formed at a position corresponding
to a contact region 108e (refer to FIG. 3) of a temperature
sensor 110 between an end of the battery lid 108 of the side
ol the positive electrode terminal 104 of each unit battery
101 and the positive electrode terminal 104. The sensor
mounting portion 181 1s a portion on which the temperature
sensor 110 to be described below 1s mounted. In this
embodiment, the temperature sensors 110 are disposed with
respect to all of the unit batteries 101 and temperatures of the
individual unit batteries 101 are detected.

FIGS. 5 and 6 are partial cross-sectional enlarged per-
spective views 1llustrating the sensor mounting portion 181.
In FIGS. § and 6, a part of the bus bar cover 180 1s cut along
an X7 plane to describe the configuration of the sensor
mounting portion 181 and the bus bar cover 180 1s 1illus-
trated. FIGS. 5 and 6 1llustrate the sensor mounting portion
181 of the bus bar cover 180 of the +Y side of the storage
module 10 illustrated 1n FIGS. 1 and 2. FIG. 5 1llustrates a
state 1n which the temperature sensor 110 1s mounted and
FIG. 6 1llustrates a state in which the temperature sensor 110
1s not mounted. Because each sensor mounting portion 181
has the same configuration, one sensor mounting portion
181 1s described representatively.

The sensor mounting portion 181 forms a space where the
temperature sensor 110 1s disposed, by a pair of holding
plates 182, an outside regulation plate 183 located at the
outside of the Y direction (+Y side in the drawings), and an
inside regulation plate 184 located at the inside of the Y
direction (-Y side 1n the drawings). As 1llustrated 1n FIG. 5,
the temperature sensor 110 to detect the temperature of the
unit battery 101 1s mounted on the sensor mounting portion
181.

As 1llustrated i FIGS. 5 and 6, a pair of pressing blades
120 to press the temperature sensor 110 to the battery Iid 108
of the unit battery 101, that 1s, press the temperature sensor
110 1n a downward direction (-7 direction) 1s provided 1n
the sensor mounting portion 181 of the bus bar cover 180.
The temperature sensor 110 1s disposed to be interposed by
the outside regulation plate 183 and the iside regulation
plate 184 and movements of the temperature sensor 110 in
directions (the X direction and the Y direction) orthogonal to
a pressing direction (the Z direction) of the pressing blade
120 are regulated.

The temperature sensor 110, the pressing blade 120, the
outside regulation plate 183, and the inside regulation plate
184 will be described 1n detail. Each component will be
described on the basis of the X direction, the Y direction, and
the Z direction in a state in which each component 1s
mounted on the storage module 10.

FIG. 7 1s a perspective view of the temperature sensor 110
and FIG. 8 1s a cross-sectional schematic diagram of the
temperature sensor 110. FIG. 8 schematically illustrates a
cross-section obtained by cutting the temperature sensor 110
along the X7 plane. The temperature sensor 110 includes a
heat sensitive element 111 (refer to FIG. 8), lead wires 112
connected to electrodes of the heat sensitive element 111,
and a protection portion 113 covering an entire portion of the
heat sensitive element 111 and connection portions with the
heat sensitive element 111 1n the lead wires 112 for protec-
tion. In this embodiment, a thermistor 1s used as the heat
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sensitive element 111. The protection portion 113 to be a
casing of the thermistor 1s made of ceramics. The protection
portion 113 seals the heat sensitive element 111 and con-
nection portions of the heat sensitive element 111 and the
lead wires 112, protects the heat sensitive element 111 and
the connection portions such that the heat sensitive element
111 and the connection portion do not directly contact the
unit battery 101 to be a temperature measurement object or
an atmosphere, and secures a waterproof eflect and a rein-
forcement eflect.

The protection portion 113 has a contact surface 114
contacting the contact region 108¢ of the external surface of
the battery lid 108, a pressing surface 115 which the pressing,
blade 120 contacts, an outside engagement portion 116
(refer to FIG. 7) engaging with the outside regulation plate
183, and an 1nside engagement surface 117 (refer to FIG. 7)
engaging with the inside regulation plate 184.

The contact surface 114 and the pressing surface 115 are
rectangular flat surfaces and are formed to be parallel to each
other. The pressing surface 115 1s formed to have an area
larger than an area of the contact surface 114 to secure a
contact region of the pressing blade 120. The lead wire 112
extends from a center portion of the pressing surface 115 to
the outside and the pressing blade 120 contacts the pressing,
surface 115 at the outside of the X direction of the lead wire
112.

As 1llustrated 1n FIG. 7, the outside engagement portion
116 has a fitting protrusion portion 116a extending in the 7
direction at the center of the X direction and flat planar
portions 1165 provided 1n the +X side and the —X side of the
fitting protrusion portion 116a, respectively. The fitting
protrusion portion 1164 has a rectangular shape 1n a cross-
section cut along the XY plane and protrudes from the planar
portion 1165 1n the Y direction. The inside engagement
surface 117 1s a flat surface that 1s parallel to the planar
portion 1165 of the outside engagement portion 116.

As 1llustrated 1 FIG. 6, the outside regulation plate 183
has a fitting groove 130q fitted into the fitting protrusion
portion 1164 of the outside engagement portion 116 and flat
regulation surfaces 1305 provided at the +X side and the —X
side of the fitting groove 130a, respectively. The fitting
groove 130q has a rectangular shape 1n a cross-section cut
along the XY plane and 1s recessed from the regulation
surface 1306 1n the +Y direction. The fitting groove 130q
extends 1n the Z direction and a +Z-side end face thereof 1s
opened.

The 1nside regulation plate 184 1s provided with a pair of
engagement projections 136 protruding from a surface fac-
ing the inside engagement surface 117 of the temperature
sensor 110 to the temperature sensor 110 (that 1s, in the +Y
direction). The engagement projection 136 has a semicircu-
lar shape in a cross-section cut along the XY plane and
extends 1n the Z direction. A curved surface of the engage-
ment projection 136 contacts the inside engagement surface
117 as described below (refer to FIGS. 9A and 9B).

FIGS. 9(a) and 9(b) are planar cross-sectional schematic
diagrams of the sensor mounting portion 181. FIG. 9(a)
illustrates a state 1n which the temperature sensor 110 1s not
mounted and FIG. 9(b) illustrates a state in which the
temperature sensor 110 1s mounted. In FIG. 9(b), a gap of the
temperature sensor 110 and the inside regulation plate 184
and a gap of the temperature sensor 110 and the outside
regulation plate 183 are exaggerated and illustrated.

A Y-direction interval D1 of the regulation surface 1305
of the outside regulation plate 183 and a top portion of the
engagement projection 136 of the mside regulation plate 184
has a dimension equal to a Y-direction width dimension tl
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ol the protection portion 113, that 1s, a dimension t1 between
the planar portion 1165 and the inside engagement surface
117 or slightly larger than the Y-direction width dimension
tl. As a result, a movement of the temperature sensor 110 1n
the Y direction 1s regulated.

An X-direction dimension D2 of the fitting groove 130q
1s equal to an X-direction dimension t2 of the {fitting pro-
trusion portion 116a or slightly larger than the X-direction
dimension t2. As a result, a movement of the temperature
sensor 110 1n the X direction 1s regulated.

FIG. 10(a) 1s a lateral cross-sectional schematic diagram
by cutting along the line X-X of FIG. 6 and FIG. 10(b) 15 a
lateral cross-sectional schematic diagram by cutting along
the line X-X of FIG. 5. As illustrated 1n FIGS. 6 and 10(a),
the pair of pressing blades 120 has a mirror symmetry
structure. The pressing blade 120 1s held by the holding plate
182 of the bus bar cover 180.

As 1llustrated 1n FIG. 10(a), the pressing blade 120 has a
substrate portion 121 extending obliquely upward from the
holding plate 182, a pressing piece 122 bent obliquely
downward from an upper end of the substrate portion 121
and extending, and an operation piece 123 extending upward
(+7 direction) from a boundary portion (bending portion) of
the substrate portion 121 and the pressing piece 122. A
columnar portion 123 having an arc surface 1s provided on
a lower end of the pressing piece 122. A center axis of the
columnar portion 125 extends 1n the Y direction.

The pair of pressing blades 120 1s elastically deformable
with a connection portion with the holding plate 182, that 1s,
a base end of the substrate portion 121 as a supporting point.
As 1illustrated 1 FIG. 10(a), 1n a state in which the tem-
perature sensor 110 1s not mounted, a distance H1 of the Z
direction from a —-Z-direction end of the columnar portion
125 to the external surface of the battery lid 108 1s slightly
smaller than a distance from the contact surface 114 of the
protection portion 113 to the pressing surface 115, that 1s, a
Z-direction dimension hl of the protection portion 113
(H1<hl).

As 1llustrated 1n FIG. 10(b), 11 the temperature sensor 110
1s mounted on the sensor mounting portion 181, the colum-
nar portion 125 contacts the pressing surface 115 1n a state
in which the pressing blade 120 1s slightly bent and prede-
termined pressing force 1s applied to the temperature sensor
110 1n a direction toward the battery lid 108, that 1s, the -7
direction.

When the temperature sensor 110 1s mounted, as sche-
matically shown by a void arrow mark i FIG. 10(a), the
pressing blade 120 1s elastically deformed by pressing and
expanding the pair of operation pieces 123. As a result, the
pair of columnar portions 125 1s separated from each other
and a space where the temperature sensor 110 can be
inserted 1s secured. The fitting protrusion portion 116qa of the
temperature sensor 110 1s fitted into the fitting groove 130a
of the outside regulation plate 183 and the temperature
sensor 110 1s moved in a downward direction (-7 direction)
until the temperature sensor 110 contacts the battery 1id 108.
In a state 1n which the movement of the X direction 1s
regulated by the fitting groove 130a and the movement of
the Y direction 1s regulated by the regulation surface 13056 of
the outside regulation plate 183 and the engagement pro-
jection 136 of the mside regulation plate 184, the tempera-
ture sensor 110 1s guided to the contact region 108e (refer to
FIG. 3) of the battery lid 108. For this reason, positioning
can be easily performed.

If the pair of operation pieces 123 pressed and expanded
1s released, the columnar portion 1235 contacts the pressing
surface 113 of the temperature sensor 110 and pressing force
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of a direction toward the battery lid 108, that 1s, the —Z
direction 1s applied to the temperature sensor 110, as sche-
matically shown by an arrow in FIG. 10(d). That 1s, the
columnar portion 125 has a function as a pressing force
transmission portion that can be connected to and separated
from the temperature sensor 110 by operating the operation
pieces 123 and transmuits elastic force (pressing force) gen-
erated when the pressing blade 120 1s slightly bent to the
temperature sensor 110.

As such, the temperature sensor 110 contacts the external
surface of the battery lid 108 1n a state in which the
temperature sensor 110 1s pressed to the battery lid 108 by
the pair of pressing blades 120 and the movement of the
temperature sensor 110 in a direction orthogonal to the
pressing direction (7 direction) of the pressing blade 120 1s
regulated by the outside regulation plate 183 and the 1nside
regulation plate 184. A signal showing the temperature
detected by the temperature sensor 110 1s output to a control
device. The signal showing the temperature 1s used for
charge/discharge control or abnormality detection of the
storage module 10, 1n addition to control of the temperature
of the unit battery 101.

According to the first embodiment described above, the
tollowing functions and eflects are obtained.

(1) The pair of pressing blades 120 to press the tempera-
ture sensor 110 to the unit battery 101 and the outside
regulation plate 183 and the inside regulation plate 184 to
regulate the movements of the temperature sensor 110 1n the
directions orthogonal to the pressing direction of the press-
ing blades 120 are provided. The movements of the X
direction and the Y direction of the temperature sensor 110
are regulated by the outside regulation plate 183 and the
inside regulation plate 184. For this reason, even when a
vibration parallel to the XY plane 1s applied to the storage
module 10, a backlash of the temperature sensor 110 1s
prevented from occurring. As a result, even 1n a state in
which the vibration 1s applied to the vehicle, the temperature
of the unit battery 101 can be detected stably with high
precision.

(2) The pair of pressing blades 120 to be the pressing
members and the temperature sensor 110 are separated from
cach other. The columnar portion 125 functioning as the
pressing force transmission portion, which can be connected
to or separated from the temperature sensor 110 and trans-
mits the pressing force to the temperature sensor 110, 1s
provided in the pressing blade 120. As a result, an appro-
priate material can be selected for each of the pressing blade
120 and the protection portion 113 of the temperature sensor
110. In this embodiment, the pressing blade 120 1s formed of
a POM material to be a material having an elastic modulus
lower than an elastic modulus of the protection portion 113
and the protection portion 113 1s formed of a ceramic
material to be a material having thermal conductivity higher
than thermal conductivity of the pressing blade 120. As a
result, the appropriate pressing force i1s applied to the
temperature sensor 110, so that the temperature sensor 110
can be contacted with the unit battery 101 in a stable state,
and a temperature change of the unit battery 101 can be
approprately detected.

(3) The pressing blade 120 1s provided 1n the bus bar cover
180 having the insulating plate 1804 disposed between the
bus bars 45 adjacent to each other. As a result, the number
of components can be reduced as compared with the case 1n
which the pressing blade 120 1s provided separately from the
bus bar cover 180.

(4) The unit battery 101 includes the battery container that
has the battery lid 108 i which the positive electrode
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terminal 104 and the negative electrode terminal 105 are
arranged and the temperature sensor 110 contacts the exter-
nal surface of the battery lid 108. As a result, the wiring line
from the temperature sensor 110 to the control device and
the bus bar 43 electrically connecting the unit batteries 101
can be collected to the upper portion of the storage module
10. Although not illustrated in the drawings, because a
voltage detection line 1s connected to the bus bar 45, the
voltage detection line 1s also disposed on the upper portion
of the storage module 10. Because the bus bar 45 and the
wiring line can be collected, the storage module 10 can be
miniaturized.

(5) The gas discharge valve 1085 that cleaves under the
predetermined pressure and discharges the gas 1n the con-
tainer 1s provided between the positive electrode terminal
104 and the negative electrode terminal 103 1n the battery lid
108. The contact surface 114 of the temperature sensor 110
contacts the external surface of the battery lid 108 between
the end of the battery lid 108 of the side of the positive
clectrode terminal 104 and the positive electrode terminal
104. As a result, the duct device 19 1s disposed to extend 1n
the X direction at the center of the Y direction of the storage
module 10 and the temperature sensor 110 1s disposed on the
end of the Y direction of the storage module 10, so that the
storage module 10 can be mimaturized.

Second Embodiment

A storage module according to a second embodiment will
be described with reference to FIGS. 11 to 20. In the
drawings, portions equal or equivalent to the portions of the
first embodiment are denoted with the same reference
numerals and description thereof 1s omitted. Hereinafter, a
difference with the first embodiment will be described 1n
detail. The storage module according to the second embodi-
ment has the same configuration as the configuration of the
storage module according to the first embodiment. However,
the storage module according to the second embodiment 1s
different from the storage module according to the first
embodiment 1n configurations of a bus bar cover, a tem-
perature sensor, and an elastic force generation structure to
apply elastic force to the temperature sensor.

In the first embodiment, a pressing blade 120 to be an
clastic force generation portion 1s provided 1 a bus bar
cover 180. Meanwhile, 1n the second embodiment, a press-
ing blade 220 to be an elastic force generation portion 1s
formed 1n an attachment 250 on which a temperature sensor
110 1s mounted, as described below.

FIG. 11 1s the same drawing as FIG. 4 and 1s a perspective
view ol a bus bar cover 280 of the storage module according
to the second embodiment. The bus bar cover 280 1s formed
ol a resin material such as polypropylene (PP). The PP has
an elastic modulus lower than an elastic modulus of a POM
material. Openings 280/ into which a positive electrode
terminal 104 and a negative electrode terminal 105 of a unit
battery 101 are inserted are formed 1n the bus bar cover 280.
Bus bars 45 (refer to FIGS. 12 and 13) are connected to the
positive electrode terminal 104 and the negative electrode
terminal 105 protruding from the openings 2802 1n an
upward direction (+7Z direction) by laser welding. The
positive electrode terminals 104 and the negative electrode
terminals 105 of the unit batteries 101 adjacent to each other

in an X direction are electrically connected by the bus bars
45.
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In the bus bar cover 280, an msulating plate 280d 1s
disposed between one bus bar 45 and other bus bar 45
adjacent to each other and an 1nsulating creeping distance 1s
secured.

A plurality of sensor mounting portions 281 are formed 1n
outside ends of a Y direction (+Y-side ends 1n the drawings)
of a pair of bus bar covers 280. Fach sensor mounting
portion 281 1s formed at a position corresponding to a
contact region 108¢ (refer to FIG. 3) of a temperature sensor
110 between an end of the battery lid 108 of the side of the
positive electrode terminal 104 of each unit battery 101 and
the positive electrode terminal 104.

The sensor mounting portion 281 forms a space where the
temperature sensor 210 1s disposed, by a pair of receiving
plates 282, an outside regulation plate 283 located at the
outside of the Y direction (+Y side in the drawings), and an
iside regulation plate 284 located at the inside of the Y
direction (-Y side in the drawings).

FIGS. 12 and 13 are the same drawings as FIGS. 5 and 6
and are partial cross-sectional enlarged perspective views
illustrating the sensor mounting portion 281. In FIGS. 12
and 13, a part of the bus bar cover 280 1s cut along an XZ
plane to describe the configuration of the sensor mounting,
portion 281. FIG. 12 illustrates a state in which the tem-
perature sensor 210 1s mounted and FIG. 13 1llustrates a state
in which the temperature sensor 210 1s not mounted. Each
sensor mounting portion 281 has the same configuration.

As 1llustrated 1n FIG. 12, the temperature sensor 210 to
detect the temperature of the unit battery 101 1s mounted on
the sensor mounting portion 281. In the second embodiment,
the temperature sensor 210 1s mounted on the sensor mount-
ing portion 281 via the attachment 250.

As 1llustrated 1n FIG. 13, fitting recess portions 23056 and
2364 1nto which both ends of the Y direction of the attach-
ment 250 are fitted are provided in the sensor mounting
portion 281. The pair of receiving plates 282 1s provided to
extend 1n the Z direction at both sides of the X direction of
the fitting recess portion 2305 and receiving portions 285
protruding 1n the X direction are provided 1n the vicinity of
upper ends of the recerving plates 282.

FIG. 14 1s a perspective view of the temperature sensor
210 and FIG. 15 1s a lateral schematic diagram of the
temperature sensor 210. As illustrated 1n FIGS. 14 and 15,
a protection portion 213 of the temperature sensor 210 has
an approximately rectangular parallelepiped shape and has a
contact surface 214 contacting the contact region 108e (refer
to FIG. 3) of the external surface of the battery lid 108 and

a pressing surface 215 which an engagement portion 259
(refer to FIGS. 16(a) and 16())) of the attachment 250 to be

described below contacts.

Lead wires 112 extend externally from a center portion of
the pressing surface 215 of a rectangular shape. In FIG. 15,
as schematically shown by hatching, a gap of the lead wire
112 and the pressing surface 213 1s sealed by an adhesive
219.

FIG. 16(a) 1s a perspective view of the attachment 250
and FIG. 16(d) 1s a perspective view of the attachment 250
when viewed from the side opposite to FIG. 16(a). The
attachment 250 includes an accommodation portion 2351 that
1s formed of a POM material and accommodates the tem-
perature sensor 210 and the pair of pressing blades 220 that
generates elastic force.

The accommodation portion 251 has a shape of a rectan-
gular box of which a bottom surface 1s opened and an
accommodation space of an approximately rectangular par-
allelepiped shape corresponding to an external shape of the
temperature sensor 210 1s formed. An inside dimension of
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the X direction of the accommodation portion 251 1s equal
to or slightly larger than a dimension of the X direction of
the temperature sensor 210. An 1nside dimension of the Y
direction of the accommodation portion 231 1s equal to or
slightly larger than a dimension of the Y direction of the
temperature sensor 210.

An opening 251a 1 which the lead wire 112 of the
temperature sensor 210 1s disposed 1s formed 1n a top plate
of the accommodation portion 251 and a slit 251s to take 1n
and out the lead wire 112 1s formed 1n a lateral plate of the
-Y side. The slit 251s and the opening 251a are continu-
ously formed.

FIG. 17 1s a diagram 1illustrating the accommodation
portion 251 when viewed from the lower side (-7 side). As
illustrated 1n FIG. 17, triangular engagement portions 259
are provided in four corners 1n the accommodation portion
251. The individual engagement portions 259 are formed to
contact four corners of the pressing surface 215 of the
temperature sensor 210, when the temperature sensor 210 1s
accommodated 1n the accommodation portion 251. That 1s,
the individual engagement portions 259 are provided to
avoid the adhesive 219 of the center portion of the pressing
surface 2135 where the lead wire 112 1s located.

As 1llustrated 1n FIGS. 16(a) and 16(5), each of the pair
of pressing blades 220 includes an mmverted U-shaped por-
tion 221 of which a base end 1s connected to the accommo-
dation portion 251 and a hook portion 222 extending from
a leading edge of the inverted U-shaped portion 221. A
connection rib 226 that connects the base ends of the pair of
pressing blades 220 and raises rigidity of the base ends of the
pressing blades 220 1s provided on the top plate of the
accommodation portion 251.

The mverted U-shaped portion 221 has a first flat plate
portion extending upward from a top surface of the accom-
modation portion 251, an arc-shaped portion bent by 180
degrees from an upper end of the first flat plate portion, and
a second tlat plate portion extending downward from an end
of the arc-shaped portion. The hook portion 222 that is
provided 1n each of the pair of pressing blades 220 1s bent
from an end of the second flat plate portion of the inverted
U-shaped portion 221 and extends obliquely upward. The
pair of pressing blades 220 can be elastically deformed in the
X direction and the Z direction by the above configuration.

A columnar portion 225 of which a center axis extends 1n
the Y direction 1s provided 1n a leading edge of the hook
portion 222. An arc surface of the colummnar portion 2235
engages with the receiving portion 285 of the bus bar cover
280 (refer to FIG. 20(b)).

FIG. 18 1s a perspective view of the temperature sensor
210 on which the attachment 250 1s mounted. FIG. 19 1s the
same drawing as FIG. 9(b) and 1s a planar cross-sectional
schematic diagram of the sensor mounting portion 281 on
which the temperature sensor 210 1s mounted. In FIG. 19, a
gap of the attachment 250 and the 1nside regulation plate 284
and a gap of the attachment 250 and the outside regulation
plate 283 are exaggerated and 1llustrated.

As 1llustrated 1n FI1G. 18, 1t the temperature sensor 210 1s
accommodated 1n the accommodation portion 251 of the
attachment 250 and the temperature sensor 210 1s mounted
on the sensor mounting portion 281, as 1llustrated 1n FIG. 19,
movements of the temperature sensor 210 in the X direction
and the Y direction are regulated by the outside regulation
plate 283 and the 1nside regulation plate 284 via the attach-
ment 250.

As 1llustrated 1n FIGS. 12, 13, and 19, the fitting recess
portion 2306 1nto which a +Y-side end of the attachment 2350
1s fitted 1s provided in the outside regulation plate 283. The
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fitting recess portion 2305 extends from the center of the Z
direction of the outside regulation plate 283 in the -Z
direction and a +Z-side end face thereof 1s opened (refer to
FIGS. 12 and 13).

The fitting recess portion 236a into which a -Y-side end
of the attachment 250 1s fitted 1s provided in the inside
regulation plate 284. The fitting recess portion 236a extends
in the Z direction and a +Z-side end face thereof 1s opened.
A pair of engagement projections 236¢ that protrudes to the
temperature sensor 110 (that 1s, 1n the +Y direction) 1s
provided 1n a bottom surface of the fitting recess portion
236a. The engagement projection 236¢ has a semicircular
shape 1n a cross-section cut along the XY plane and extends
in the 7Z direction. A curved surface of the engagement
projection 236¢ contacts a —Y-side lateral surface configur-
ing the accommodation portion 251 of the attachment 250.

As 1llustrated 1in FIG. 19, a Y-direction interval of a
bottom surface of the fitting recess portion 23056 of the
outside regulation plate 283 and a top portion of the engage-
ment projection 236c¢ of the nside regulation plate 284 has
a dimension equal to or slightly larger than a Y-direction
dimension of the accommodation portion 251 of the attach-
ment 250. As described above, the Y-direction 1nside dimen-
s10n of the accommodation portion 251 1s equal to or slightly
larger than the Y-direction dimension of the temperature
sensor 210. As a result, the movement of the temperature
sensor 210 1n the Y direction via the accommodation portion
251 of the attachment 250 i1s regulated by the outside
regulation plate 283 and the nside regulation plate 284.

An inter-lateral surface dimension of the fitting recess
portion 2305 of the outside regulation plate 283, that 1s, an
X-direction dimension of the fitting recess portion 23056 1s a
dimension equal to or slightly larger than the X-direction
outside dimension of the accommodation portion 251 of the
attachment 250. Likewise, an inter-lateral surface dimension
of the fitting recess portion 236a of the inside regulation
plate 284, that 1s, an X-direction dimension of the {fitting
recess portion 236a 1s a dimension equal to or slightly larger
than the X-direction outside dimension of the accommoda-
tion portion 251 of the attachment 250. As described above,
the X-direction inside dimension of the accommodation
portion 251 1s equal to or slightly larger than the X-direction
dimension of the temperature sensor 210. As a result, the
movement of the temperature sensor 210 1n the X direction
via the accommodation portion 251 of the attachment 250 1s
regulated by the outside regulation plate 283 and the inside
regulation plate 284.

FIG. 20(a) 1s a lateral cross-sectional schematic diagram
of a lateral surface of the sensor mounting portion 281 of
FIG. 13 when viewed from the +Y side and FIG. 20(b) 1s a
lateral cross-sectional schematic diagram of the sensor
mounting portion 281 of FIG. 12 when viewed {from the +Y
side. FIGS. 20(a) and 20(b) 1llustrate cross-sectional views
cut along the line XX-XX of FIG. 19. As illustrated 1n FIG.
20(a), 1n a state 1n which the temperature sensor 210 1s not
mounted, a distance h2 of the Z direction from a +Z-direc-
tion end of the columnar portion 225 to the contact surface
214 of the temperature sensor 210 1s slightly larger than a
distance H2 of the Z direction from the external surface of
the battery lid 108 to the -Z-side end face of the receiving
portion 285 (H2<h2). The distance h2 1s a distance when
cach engagement portion 259 of the attachment 250 contacts
the pressing surface 215 of the temperature sensor 210.

As 1llustrated i FI1G. 20(d), i1 the temperature sensor 210
1s mounted on the sensor mounting portion 281, the colum-
nar portion 225 contacts the —Z-side end face of the receiv-
ing portion 285 1n a state 1n which the pressing blade 220 1s

10

15

20

25

30

35

40

45

50

55

60

65

14

slightly bent, elastic force generated by the pressing blade
220 1s transmitted to the temperature sensor 210 via the
engagement portion 259, and predetermined pressing force
1s applied to the temperature sensor 210 1n a direction toward
the battery Iid 108, that 1s, the -7 direction. That 1s, the
engagement portion 259 of the attachment 250 has a func-
tion as a pressing force transmission portion that can be
connected to or separated from the temperature sensor 210
and transmits elastic force (pressing force) generated when
the pressing blade 220 is slightly bent to the temperature
sensor 210.

When the temperature sensor 210 1s mounted, as sche-
matically shown by a void arrow mark in FIG. 20(a), the
pressing blades 220 are elastically deformed by pressing the
pair of pressing blades 220 from the outside and reducing the
pair of pressing blades 220. As a result, the pair of columnar
portions 225 approaches each other and the attachment 2350
can be 1nserted therebetween. Both ends of the Y direction
of the accommodation portion 251 of the attachment 250 are
fitted into the fitting recess portion 2306 of the outside
regulation plate 283 and the fitting recess portion 2364 of the
inside regulation plate 284, the temperature sensor 210 and
the attachment 250 are moved in the downward direction
(-7 direction), and the contact surface 214 of the tempera-
ture sensor 210 1s contacted with the battery lid 108.

When the temperature sensor 210 1s mounted, the move-
ment of the X direction of the temperature sensor 210 on
which the attachment 250 1s mounted 1s regulated by the
lateral surface of the fitting recess portion 2305 of the
outside regulation plate 283 and the lateral surface of the
fitting recess portion 2364 of the mside regulation plate 284.
In addition, the movement of the Y direction of the tem-
perature sensor 210 on which the attachment 250 1s mounted
1s regulated by the bottom surface of the fitting recess
portion 2306 of the outside regulation plate 283 and the
engagement projection 236¢ of the {fitting recess portion
236a of the inside regulation plate 284. As such, the tem-
perature sensor 210 1s guided to the contact region 108e of
the battery lid 108 in a state 1n which the movement 1s
regulated 1n the direction orthogonal to the Z direction. For
this reason, positioning can be easily performed.

If the pair of pressing blades 220 pressed and reduced 1s
released, the columnar portion 225 contacts the —Z-side end
face of the receiving portion 285, the pressing force gener-
ated by the pressing blade 220 1s transmitted to the tem-
perature sensor 210 via the engagement portion 259, and the
pressing force of a direction toward the battery lid 108 1s
applied to the temperature sensor 210, as schematically
shown by an arrow 1n FIG. 20(b). The temperature sensor
210 contacts the external surface of the battery lid 108 1n a
state 1n which the temperature sensor 210 1s pressed to the
battery 1id 108 by the pair of pressing blades 220 and the
movements of the temperature sensor 210 1n the directions
orthogonal to the pressing direction (Z direction) of the
pressing blade 220 are regulated by the outside regulation
plate 283 and the inside regulation plate 284.

According to the second embodiment described above,
the same functions and eflects as the functions and eflects
(1), (2), (4), and (5) described 1n the first embodiment are
achieved. Specifically, the movements of the X direction and
the Y direction of the temperature sensor 210 are regulated
by the outside regulation plate 283 and the inside regulation
plate 284 via the attachment 250. For this reason, similar to
the function and effect (1) described 1n the first embodiment,
even when a vibration parallel to the XY plane 1s applied to
the storage module 10, a backlash of the temperature sensor
210 1s prevented from occurring. As a result, even 1n a state
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in which the vibration i1s applied to the vehicle, the tem-
perature of the unit battery 101 can be detected stably with
high precision.

In addition, similar to the function and effect (2) described
in the first embodiment, because the pair of pressing blades
220 to be the pressing members and the temperature sensor
210 are separated from each other, an appropriate material
can be selected for each of the pressing blade 220 and the
protection portion 213 of the temperature sensor 210. In this
embodiment, the pressing blade 220 1s formed of a POM
material to be a material having an elastic modulus lower
than an elastic modulus of the protection portion 213 and the
protection portion 213 i1s formed of a ceramic material to be
a material having thermal conductivity higher than thermal
conductivity of the pressing blade 220. As a result, the
appropriate pressing force 1s applied to the temperature
sensor 210, so that the temperature sensor 210 can be
contacted with the unit battery 101 1n a stable state, and a
temperature change of the unit battery 101 can be appropri-
ately detected.

According to the second embodiment, similar to the
function and effect (4) described 1n the first embodiment, the
temperature sensor 210 contacts the external surface of the
battery lid 108 to be a terminal attachment surface and the
bus bar 45 and the wiring line can be collected. Therefore,
the storage module 10 can be mimaturized. Similar to the
function and effect (5) described 1n the first embodiment, the
contact surface 214 of the temperature sensor 210 contacts
the external surface of the battery lid 108 between the end
of the battery lid 108 of the side of the positive electrode
terminal 104 and the positive electrode terminal 104. There-
fore, a duct device 19 1s disposed to extend in the X
direction, so that the storage module 10 can be miniaturized.

In addition, according to the second embodiment, the
tollowing functions and eflects are achieved.

(6) The pressing blade 220 uses the POM material to
generate the appropriate elastic force. However, because the
pressing blade 220 1s provided in the attachment 250, a ratio
of the POM material used for the storage module 10 can be
reduced as compared with the first embodiment in which the
pressing blade 120 1s provided in the bus bar cover 180. In
the second embodiment, because the bus bar cover 280 can
be formed of a resin material such as PP cheaper than the
POM matenal, a cost of the storage module 10 can be
reduced.

(7) The movement of the temperature sensor 210 1is
regulated by the outside regulation plate 283 and the inside
regulation plate 284 via the attachment 250. The accommo-
dation portion 251 of the attachment 250 i1s formed 1n
accordance with the external shape of the temperature sensor
210, so that the movement of the temperature sensor 210 can
be regulated. Therefore, 1t 1s not necessary to form the
protection portion 213 of the temperature sensor 210 1n a
special shape. For example, when the attachment 250 1s
used, the fitting protrusion portion 116a does not need to be
formed 1n the protection portion 113 as 1n the first embodi-
ment. As a result, the temperature can be detected stably
with high precision, without depending on the shape of the
temperature sensor.

(8) The lead wires 112 extend from the surface opposite
to the contact surface 214 contacting the surface of the umt
battery 101 1n the temperature sensor 210, that i1s, the
pressing surface 215 and the engagement portions 259 are
contacted with the four corners of the pressing surface 213
to avoid the adhesive 219 around the lead wires 112.
Therefore, the engagement portions 239 are prevented from
contacting the adhesive 219, so that the pressing force can
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be uniformly applied to the four corners of the pressing
surface 215. As a result, a surface pressure can be uniformly
generated 1n the contact surface of the contact surface 214 of
the temperature sensor 210 and the battery lid 108.

The following modifications are also included 1n a range
of the present invention and one or more modifications can
be combined with the embodiments described above.

Modification 1

In the first embodiment, the example of the case 1n which
the fitting protrusion portion 116a 1s provided 1n the pro-
tection portion 113 of the temperature sensor 110 has been

described. However, the present mnvention 1s not limited
thereto.

Modification 1-1

For example, the temperature sensor 210 described in the
second embodiment may be used 1n the first embodiment. In
this case, the movements of the X direction and the Y
directions of the temperature sensor 210 can be regulated by
providing {itting recess portions 3305 and 336a 1nto which
both ends of the Y direction of the protection portion 213 of
the temperature sensor 210 are fitted 1n an outside regulation
plate 383 and an 1nside regulation plate 384, as 1llustrated in
FIG. 21(a), instead of providing the fitting protrusion por-
tion 116a and the fitting groove 130a.

Modification 1-2

As 1llustrated i FIG. 21(b), a {itting groove 416 1is
provided 1n a protection portion 413 of a temperature sensor
410 and a fitting protrusion portion 4305 fitted into the fitting
groove 416 1s provided 1n an outside regulation plate 483, so
that movements of the X direction and the Y direction of the
temperature sensor 410 can be regulated.

Modification 2

In the first embodiment, the example of the case 1n which
the engagement projection 136 1s provided in the inside
regulation plate 184 has been described. However, the
present invention 1s not limited thereto. As illustrated in
FIGS. 22(a) to 22(c), the engagement projection 136 may be
omitted. In this case, a Y-direction interval D51 of a surface
of an 1nside regulation plate 584 facing the inside engage-
ment surface 117 of the temperature sensor 110 and the
regulation surface 13056 of the outside regulation plate 183
has a dimension equal to or slightly larger than a Y-direction
width dimension t51 of the protection portion 113, that 1s, a
dimension t31 between the planar portion 1166 and the
inside engagement surface 117.

Modification 3

The shape of the attachment 250 1s not limited to the
second embodiment.

Modification 3-1

For example, as illustrated in FIG. 23(a), a fitting protru-
sion portion 651a extending in the 7Z direction may be
provided 1n an accommodation portion 651 of an attachment
650, a fitting groove 683a extending 1n the Z direction may
be provided 1n an outside regulation plate 683, and the fitting
protrusion portion 651a and the fitting groove 683a may be
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fitted. In FIG. 23(a), an 1nside regulation plate 684 1n which
the engagement projection 236¢ of the inside regulation
plate 284 according to the second embodiment 1s omitted 1s
used.

Modification 3-2

As 1llustrated 1n FIG. 23(d), a fitting groove 751a extend-
ing 1n the 7 direction may be provided 1n an accommodation
portion 751 of an attachment 7350, a fitting protrusion portion
783a extending in the Z direction may be provided in an

outside regulation plate 783, and the fitting groove 751a and
the fitting protrusion portion 783a may be fitted.

Modification 4

The shape of the engagement portion 239 described 1n the
second embodiment 1s not limited to the triangular shape.

For example, as illustrated 1n FIG. 24, L-shaped engage-
ment portions 259A may be provided at four corners in the
accommodation portion 251.

Modification 5

In the embodiments described above, the example of the
case 1n which the contact regions 108¢ of the temperature
sensors 110 and 210 are provided between the end of the
battery lid 108 of the side of the positive electrode terminal
104 and the positive electrode terminal 104 has been
described. However, the contact regions 108¢ of the tem-
perature sensors 110 and 210 may be provided between the
end of the battery 1id 108 of the side of the negative electrode
terminal 105 and the negative electrode terminal 10S5. The
temperature sensors 110 and 210 may be contacted with the
external surface of the narrow lateral plate 1097 and the
temperature of the unit battery 101 may be detected, without
putting a limitation on the case in which the temperature
sensors 110 and 210 are contacted with the external surface
of the battery lid 108 to be the terminal attachment surface.
For each unit battery 101, the temperature may be detected
at a plurality of places.

Modification 6

In the embodiments described above, the example of the
case 1n which the sensor mounting portions 181 and 281 are
provided to correspond to all of the unit batteries 101 and the
temperatures of all of the unit batteries 101 are detected has
been described. However, the present invention 1s not lim-
ited thereto. The sensor mounting portions 181 and 281 may
be provided to correspond to a part of the plurality of unit
batteries 101 and the temperature of the part of the plurality
of unit batteries 101 may be detected.

Modification 7

In the embodiments described above, the example of the
case in which the protection portions 113 and 213 are formed
of the ceramic material has been described. However, the
present invention 1s not limited thereto. The protection
portions 113 and 213 may be formed of a resin material such
as a fluorine resin withstanding a high temperature. A
material having thermal conductivity higher than thermal
conductivity of the material ({for example, the POM mate-
rial) of the pressing blade 120 1s selected as the material of
the protection portions 113 and 213, so that the heat from the
unit battery 101 1s efliciently transmitted to the heat sensitive
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clement 111, and the temperature change of the unit battery
101 can be more accurately measured. For this reason, this
1s preferable. In addition, the material of the pressing blades
120 and 220 can be variously selected. A material having an
clastic modulus lower than an elastic modulus of the mate-
rial (for example, the ceramic material) of the protection
portions 113 and 213 1s selected as the material of the
pressing blades 120 and 220, so that the temperature sensors

110 and 210 can be easily mounted on the sensor mounting,
portions 181 and 281, and a contact surface pressure of the
temperature sensors 110 and 210 and the unait battery 101 can
be appropnately secured. For this reason, this 1s preferable.

Modification 8

In the embodiments described above, the example of the
case 1n which the pressing blades 120 and 220 are formed of
the POM material has been described. However, the present
invention 1s not limited thereto. For example, 1n the first
embodiment, when the pressing blades can be disposed at
positions capable of securing suflicient msulating creeping
distances from the unit battery 101, a configuration in which
the temperature sensor 110 1s pressed to the battery lid 108
using a plate spring or a coil spring made of a metal may be
adopted.

Modification 9

In the embodiments described above, the example of the
case 1n which the present invention 1s applied to the electric
vehicle has been described. However, the present invention
1s not limited thereto. The present invention can be applied
to a storage module embedded 1n a storage device config-
uring a power supply device for other motor vehicles, for
example, a railroad vehicle such as a hybnd train, a pas-
senger vehicle such as a bus, a goods vehicle such as a truck,
and an industrial vehicle such as a battery-type forklift truck.

Modification 10

The lithium 10n secondary battery has been described as
the example of the storage element. However, the present
invention can be applied to other secondary battery such as
a nickel-hydrogen battery. In addition, the present invention
can be applied to a storage module using an electric double-
layer capacitor or a lithum 1on capacitor as a storage
clement.

The present invention 1s not limited to the embodiments
unless characteristics of the present invention are impaired
and other forms considered 1n a range of a technical sprit of
the present invention are also included in a range of the
present 1vention.

REFERENCE SIGNS LIST

10 storage module

11 element laminate

13 fixing member

14 control circuit board

15 module cover
16A cell holder

16B cell holder

16¢ protrusion portion
16/ engagement portion
17 end plate

17/ screw hole

18 side frame
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18a opening
18/ tlange
18/ through-hole
19 duct device
45 bus bar
101 unit battery
104 positive electrode terminal
105 negative electrode terminal
108 battery Iid
108a liquid imjection plug
1086 gas discharge valve
108¢ contact region
109 battery can
10956 bottom plate
1097 narrow lateral plate
109w wide lateral plate
110 temperature sensor
111 heat sensitive element
112 lead wire
113 protection portion
114 contact surface
115 pressing surface
116 outside engagement portion
1164 fitting protrusion portion
1165 planar portion
117 mside engagement surface
120 pressing blade
121 substrate portion
122 pressing piece
123 operation piece
125 columnar portion
130q fitting groove
13056 regulation surface
136 engagement projection
180 bus bar cover
1804 1nsulating plate
180/ engagement claw
180/ opening
181 sensor mounting portion
182 holding plate
183 outside regulation plate
184 inside regulation plate
210 temperature sensor
213 protection portion
214 contact surface
215 pressing surface
219 adhesive
220 pressing blade
221 inverted U-shaped portion
222 hook portion
225 columnar portion
226 connection rib
230b fitting recess portion
2364 fitting recess portion
236¢ engagement projection
250 attachment
251 accommodation portion
251a opening
251s slhit
259 engagement portion
259A engagement portion
280 bus bar cover
2804 insulating plate
280/ opening
281 sensor mounting portion
282 receiving plate
283 outside regulation plate
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284 inside regulation plate
283 receiving portion

3305 fitting recess portion
383 outside regulation plate
384 inside regulation plate
410 temperature sensor

413 protection portion

416 fitting groove

4305 fitting protrusion portion
483 outside regulation plate
584 inside regulation plate
650 attachment

651 accommodation portion
651aq fitting protrusion portion
683 outside regulation plate
683q fitting groove

684 1nside regulation plate
750 attachment

751 accommodation portion
751a fitting groove

783 outside regulation plate
783a fitting protrusion portion

The mmvention claimed 1s:
1. A storage module 1n which a plurality of storage

clements are electrically connected by bus bars, the storage
module comprising:

a temperature sensor which contacts a surface of the
storage element and detects a temperature of the stor-
age element;

a pressing member which presses the temperature sensor
to the storage elements;

a regulation member which regulates a movement of the
temperature sensor 1n a direction orthogonal to a press-
ing direction of the pressing member; and

a bus bar cover which has an insulating plate disposed
between the bus bars adjacent to each other,

wherein the pressing member 1s separated from the tem-
perature sensor,

a pressing force transmission portion which 1s connected
to or separated from the temperature sensor and trans-
mits pressing force to the temperature sensor 1S pro-
vided 1n the pressing member,

the pressing member has an accommodation portion
which accommodates the temperature sensor and a pair
of elastic force generation portions of which base ends
are connected to the accommodation portion,

a leading edge of the elastic force generation portion
engages with a recerving portion of the bus bar cover,
and

the regulation member regulates the movement of the
temperature sensor via the accommodation portion.

2. The storage module according to claim 1, wherein

the temperature sensor has an approximately rectangular
parallelepiped shape and a lead wire extends from a
surface opposite to a contact surface contacting the
surface of the storage element, and

the pressing force transmission portion contacts four
corners of the surface opposite to the contact surface of
the temperature sensor to avoid the lead wire.

3. The storage module according to claim 2, wherein

the storage element includes a container which has a
terminal attachment surface on which an electrode
terminal 1s disposed, and

the temperature sensor contacts the terminal attachment
surface.



US 10,230,219 B2

21

4. The storage module according to claim 3, wherein

an electrode terminal of a positive electrode and an
clectrode terminal of a negative electrode are disposed
on the terminal attachment surface,

a gas discharge valve which cleaves under a predeter-
mined pressure and discharges gas in the container 1s
provided between the positive electrode terminal and
the negative electrode terminal, and

the temperature sensor contacts at least one of a portion

5

between an end of the terminal attachment surface of 1o

the positive electrode terminal side and the positive
clectrode terminal and a portion between an end of the
terminal attachment s face of the negative electrode
terminal side and the negative electrode terminal.

5. The storage module according to claim 2, wherein

the temperature sensor has a heat sensitive element and a
sealing portion sealing the heat sensitive element, and

the pressing member 1s made of a matenial having an
clastic modulus lower than an elastic modulus of the
sealing portion.

6. The storage module according to claim 2, wherein

the temperature sensor has a heat sensitive element and a
sealing portion sealing the heat sensitive element, and

the sealing portion 1s made of a material having thermal
conductivity higher than thermal conductivity of the
pressing member.

7. The storage module according to claim 1, wherein

the storage element includes a container which has a
terminal attachment surface on which an electrode
terminal 1s disposed, and
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the temperature sensor contacts the terminal attachment
surface.

8. The storage module according to claim 7, wherein

an electrode terminal of a positive electrode and an
clectrode terminal of a negative electrode are disposed
on the terminal attachment surface,

a gas discharge valve which cleaves under a predeter-
mined pressure and discharges gas in the container 1s
provided between the positive electrode terminal and

the negative electrode terminal, and

the temperature sensor contacts at least one of a portion
between an end of the terminal attachment surface of
the positive electrode terminal side and the positive
clectrode terminal and a portion between an end of the
terminal attachment surface of the negative electrode
terminal side and the negative electrode terminal.

9. The storage module according to claim 1, wherein

the temperature sensor has a heat sensitive element and a
sealing portion sealing the heat sensitive element, and

the pressing member 1s made of a material having an
clastic modulus lower than an elastic modulus of the
sealing portion.

10. The storage module according to claim 1, wherein

the temperature sensor has a heat sensitive element and a
sealing portion sealing the heat sensitive element, and

the sealing portion 1s made of a material having thermal
conductivity higher than thermal conductivity of the
pressing member.
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